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Photovoltaic roadmaps in
Japan, Korea and China
Japanese industry currently dominates the
photovoltaics (PV) market. According to the
New Energy and Industrial Development
Organization (NEDO), shipments of global
photovoltaic (PV) modules grew to approxi-
mately 744MW in 2003, (an increase of ~32%
compared with 2002) of which Japan produced
almost 50% (364MW). Further, the global
installed capacity grew to ~1810 MW in 2003,
of which half (860 MW) was installed in Japan.
Germany is increasingly being viewed by the
Japanese PV community as their main market
and also perhaps the country where their main
competitors may emerge in the future. But
what does the future hold for PV research and
development in Asia? How long can Japan
maintain its dominance in the face of potential
competition from South Korea in the short
term and China in the long stretch? This out-
line sheds some light on these issues.
In the early 1970s the Japanese govern-
ment reacted to the ‘oil shock’ by launch-
ing the first of a series of ‘ Sunshine
Projects’ to coordinate industry-acade-
mia-government efforts for the develop-
ment of PV systems as alternatives to
conventional sources of energy.The goal
of the current PV national project is a PV
installation capacity of 4.82GW by 2010.
In 2003, the cost to install a 3kV residen-
tial PV system in Japan was about ¥2m
(~US$18,000), or about ¥45/kWh and
about twice the cost of electricity from
the national grid.
Nearly 90% of PV systems are based on
crystalline silicon solar cells. with silicon
thin films and CIS having a market share
of only a few percent. Recent achieve-
ments of national projects include an
efficiency of 18.4% for multi-crystalline Si
cells; a conversion efficiency of 28.1% for
InGaP/InGaAs/Ge light-concentrating
solar cells; and an efficiency of 13.2% for
CIS cells used in a 3456cm2 module pro-
duced by selenisation.A detailed descrip-
tion of these results can be found in the
Proceedings of the 19th European
PVSEC (2004).
In 2004, based on the recommendations
of an investigative committee compris-
ing of representatives from academia,
industry and national R&D centres
(chaired by Professor Kosuku Kurokawa,
Tokyo University of Agriculture and
Technology), NEDO announced its long
term strategy for PV proliferation in the
‘PV Roadmap Toward 2030’.
The plans emphasise ‘market driven tech-
nology’ in contrast to the present ‘seeds
driven’ approach.
Plans for Japan’s PV roadmap assume
that about 50% of residential electricity
demand in Japan (10% of total demand)
could be generated by photovoltaic sys-
tems by 2030.This would amount to
introducing capacity of 100GW by
2030.The two main goals are to reduce
costs to ¥7/kWh and develop new appli-
cations areas for stand-alone PV systems,
that are not related to conventional con-
nections to the national grid.
Goals for PV modules by 2030 include
production cost of ¥50/W; a lifetime of
30 years; and silicon feedstock usage of
1g/W. In terms of materials and conver-
sion efficiencies for 2030, the project
aims are crystalline Si, 25%; CuInSe, 25%;
III-Vs, 50%; and dye sensitised, 18%.Sanyo’s photovoltaic clad Solar Arc. Courtesy. Web http://www.crcr.pref.gifu.jp/04_machi/tyousa/54_5.htm
Japan’s roadmap does not include refer-
ences to CdTe solar cells because of the
lack of industrial interest following
Matsushita Electric’s termination of their
program a few years ago on CdS/CdTe
solar cells. Enviromental concerns about
cadmium are often cited as the main rea-
son for Matsushita’s departure from the
PV scene.
The supply of silicon feedstock is a major
concern to PV manufactures and Sharp
Corp. (manufacturing 26.7% of world
solar cells) has been working on reducing
the thickness of crystalline silicon wafers.
It uses a process involving production of
silicon sheets, by soaking substrates into
molten silicon, thereby reducing the cost
and time required for dicing thick silicon
ingots, the conventional method used to
produce thin substrates. It is noteworthy
that 10,000 tonnes of silicon produces
1000MW of PV cells. Sharp has reported
production of wafers as thin as 180
micrometers with their goal being 150
micrometers. Sharp’s estimates for 2010
show that the use of 100 micrometer
wafers would consume 22,000 tonnes of
feedstock, compared with 41,000 tonnes
if the wafer is 200 micrometers.
Two major Japanese players in thin films
are Showa Shell Sekiyu, Cu(InGa)Se 
(efficiency of 13% for an aperture of
3400cm2) and Kaneka Corp, which is 
developing Si thin films (efficiency of
13.1% for 910x455mm2 silicon ‘hybrid
plus’ module).
Daido Steel Co Ltd, Sharp Corp and Toyota
Technical Institute are developing high-
efficiency InGaP/InGaAs/Ge solar cells
and low-cost high-magnification solar con-
centrator modules and systems.A three
junction cell with an InGaP top junction
was reported to yield an efficiency of
38.9% under 498 sun AM 1.5G conditions.
This group’s main expertise lies in the
development of a Fresnel concentrator lens
by injection molding, that has an optical
efficiency of 85.4% at a power light con-
centration ratio 400. A 7056 cm2 concen-
trator module,using this solar cell struc-
ture, showed a peak efficiency of 8.1%.
Clear figures for solar cell R&D budgets
are difficult to find, but the total S&T
budget for FY2005 was announced as
being US$35.7bn, of which $6327m was
allocated for ‘energy’ related R&D.
Korea
Korea’s efforts to coordinate PV R&D can
be traced back to 1987 with the enact-
ment of the ‘Promotion Act for the New
and Renewable Sources of Energy
Development,’ (NRSE).Then in 1997, the
government initiated the ‘Ten year
National Plan for Energy Technology
Development’ programme for 1997-2006.
Statistical forecasts, recently reported by
Professor Su Lim of the Korea Institute of
Science and Technology, indicate that
Korea will become the third largest man-
ufacturer of PV modules by 2012, with a
10% share of the global market.The gov-
ernment aims to install 1.3GW in Korea
by this date.The emphasis is on the
development of PV modules for residen-
tial use, by installation on rooftops.
In 2002, the Korea Ministry of Commerce
launched its ‘Solar Land 2010’ program
with the aim of installing 30,000 roof-top
systems, each with a capacity of 3kW, by
2010.The aim of 1.3GW by 2012
includes 100,000 (3kW) roof-top sys-
tems, 40,000 (10kW) systems for public
buildings and 30,000 (20kW) systems for
the commercial sector.
What about the slightly more distant
future? In 2003 the total installed PV
power was about 6500kW.Also in 2003
the Korea Energy Management
Corporation (KEMCO) set up the R&D
Center for Photovoltaics to further coor-
dinate PV related R&D between acade-
mia and industry.Apart from improving
manufacturing technology, universities
and national laboratories are working on
a wide range of materials research. Korea
Advanced Institute of Science and
Technology (KAIST) is working on high
efficiency a-Si:H thin film solar cells for
low cost, large area modules. Korea
Institute of Energy Research (KIER) is
studying CIGS and polycrystalline Si thin
films. Dye sensitised cells are also being
investigated by other groups.
In 2001 there was no domestic manufac-
turer of solar cells in Korea, following the
termination of operations by High Solar
Co, in 2000. But in 2003 about 2.3MW of
PV modules were produced by new and
active PV manufacturers, including
Neskor Solar, Photon Semiconductor Co,
S-Energy, ATS Solar, LG Industrial System
Co, Haesung Solar Co, and SolarTech Co.
These companies are using imported 
single crystalline silicon and have a total
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Korean roofs offer potential for solar light 
energy and grateful shade. 
Courtesy: www.koreainfo.dk/ galleri/galleri1.htm
YKK Corp Japan asked Atlantis to provide 
vertical shading elements.
Solar bike workshop
Courtesy: www.rtpnet.org/.../
SolarBikeWorkshop.html
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production capacity of 6.6MW (cells)
and 6.0 MW (modules).The cost of a typ-
ical 3kW roof top PV system was 15,000
Won/W ($14.5) in 2003.
The Korean government believes the inf-
ra-tructure used for manufacturing sili-
con memory devices and flat panel dis-
plays could be reoriented without need
for extensive initial investment for pro-
duction of PV systems.The potential ins-
tallation capacity in Korea is estimated to
about 19GW, which is 10% that of Japan.
In 2001, national initiatives expended
considerable effort on the development
of bulk silicon.Then in 2004, the focus
shifted to amorphous thin film silicon
cells. In the future, the emphasis will be
on a-Si:H thin films and new materials
such as CuInSe (CIS), CdTe, dye synthe-
sized nanocrystals, and organic-inorganic
(OI) hybrids. Numerical targets for 2012
include efficiencies of 12%, 15% and 5%
for large area modules of a-Si:H, CIS and
OI materials, respectively.
Effective utilisation of the existing infra-
structure used for manufacture of semi-
conductor devices and flat panel display
will be a major factor for the successful
implementation of Korea’s PV roadmap.
A budget of about US$2.3bn has been
allocated for PV development until 2012.
China
In China there are 70m people who have
no direct access to electricity. Further, the
huge territory of China has exceptionally
favourable solar resources, receiving more
than 2000 hours of sunshine per year; the
annual sunshine in the ‘Sunshine City’ of
Lhasa is about 3000 hours.
China’s total production capacity in
1998 was a mere 4.4MW. But the situa-
tion has changed dramatically over the
last three years with the emergence of
companies such as Wuxi Shangde,
Boading Yingli, Ningbo Solar,Yunnan
Tianda, Shanghai Technology, and
Nanjing Zhongdian, which have con-
tributed to increasing the PV produc-
tion capacity to 150MW for modules;
67MW, cells; and 55MW, Si ingots/Si
sheets.The total PV system installation
in 2004 was 60MW.
About 67% of China’s primary energy is
from coal.This has obvious environmen-
tal implications and there is every
incentive for China to develop alterna-
tive energy sources.The Chinese PV
plans aim to produce accumulated
installation of about 40GW by 2020,
which would still only be about 1% of
the total electric power installation in
the whole country. Major revisions in
laws on renewable energy and intellec-
tual property rights will be required to
achieve these goals.
Summary
Plans for the development of PV technol-
ogy by Japan, Korea and China were
described. Japan’s plans look forward as
far as 2030 with concrete figures and
development goals. Korea is looking to
2012 with a view to using its semicon-
ductor manufacturing infrastructure for
PV production. In China, in spite of the
huge potential, national laws must be
revised to achieve the goals, in parallel
with further industrial participation.
The validity of numerical targets, quoted
in the various PV road maps, must be
assessed with reference to the growth and
development other potential energy
sources, such as nuclear, geothermal, wind
power, bio-energy, hydrogen nanotech-
nologies and, perhaps even nuclear fusion.
Furthermore, ever increasing energy
demands by China and India, together
with environmental concerns about
green house gas emissions, underscore
the urgency with which Asian nations are
keen to develop solar energy as part of
national energy policies.
Further information:
The New Energy & Industrial Technology
Development Organization (NEDO):http:
//www.nedo.go.jp/english/index.html
Korea Energy Management Corporation
(KEMCO):http://www.kemco.or.kr/english/in
dex.asp
Y. Zhao, Photovoltaic Industry Status and
Development Trend in China, 1st Workshop
on the Future Directions of Photovoltaics,
Tokyo, March 2005.
Asia PV related conferences/exhibitions
15th International Photovoltaic Science and
Engineering Conference as well as 2005
Shanghai International Solar Energy
Exhibition, 10-15 October 2005, Shanghai,
China, (http://pvsec15.sjtu.edu.cn/en/).
2005 Beijing International Renewables
Conference, November 7-8, 2005 Beijing,
China (www.bmu.de).
Conference & Exhibition: 43rd Annual
Conference: Solar 2005 Renewable Energy for
Sustainable Future?Nov 28-30, 2005, Dunedin,
New Zealand (www.anzses.org).
Trade fair: Independent Energy System Expo,
November 30- December 2, 2005, Chiba City,
Japan (www.ipex-jp.com).
4th World Conference on Photovoltaic Energy
Conversion, May 8-12, 2006,Waikoloa, Hawaii,
USA (www.meetingassistant.com/PVSC/world-
conference.php).
Renewable Energy 2006: 9-13 October 2006,
Makuhari Messe, Chiba, Japan.
(http://www.re2006.org).
Courtesy http://www.oja-services.nl/iea-
pvps/pvpower/15_09c.htm
Sun on the Great Wall.
http://www.photo.net/photo/2000pcd1672
/great-wall-9.4.jpg
Courtesy Philip Greenspun. 
